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LIGHT-ADJUSTING SHEET 
CLAIM(S) 

1) A light-adjusting sheet consisting of light diffusion layer and of light- 
converging layer, characterized in that a non-laminated surface of the light- 
converging layer is roughened. 

2) A light-adjusting sheet, as cited in Claim 1, wherein the light diffusion layer 
is formed by an admixture prepared by adding 5 - 100 parts/weight of light diffusion 
agent to 100 parts/weight of transparent resin and has a thickness 10 jum or more, 
while the light-converging layer is made of transparent resin layer with a thickness 
80 fum or more. 

DETAILED DESCRIPTION OF THE INVENTION 
(Field of Industrial Application) 

The present invention pertains to a light-adjusting sheet for use in a light 
source unit for liquid crystal display screens, such as those of computers and 
wordprocessors. 
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(0002) 

(Background of Invention) 

A liquid crystal display screen does not have a self-light radiation function 
and requires an external light to enhance the visibility of the display screen. 
Therefore, a light source unit for radiating the light from behind the liquid crystal 
display device (hereinafter referred to as a back light unit) was invented. 
(0003) 

In the initial developmental stage of the back light unit, a light source such as 
a fluorescent lamp was directly positioned on the back surface of a liquid crystal 
display device. Recently, however, in an attempt to miniaturize the total size of the 
unit by reducing its thickness, an edge light system, wherein a light source is 
installed at least on one side of a liquid crystal display device, is frequently used. 
(0004) 

Fig. 6 shows a sectional view of the basic structure of a back light unit. In Fig. 
6, the fluorescent lamp 1 as a light source is positioned directly on the back surface 
of liquid crystal display device 2. In other words, fluorescent lamp 1 is positioned in 
the center of the front surface of reflection plate 3, and in the front side of the 
reflection plate 3, the liquid crystal display device 2 is installed via the light diffusion 
sheet 4. 
(0005) 

Fig. 7 shows a sectional view of the basic structure of an edge light type light 



source unit. In Fig. 7, the fluorescent lamp 1 as the light source is positioned on the 
side surface of photo-conductive body 6 having dot pattern* 5 on its back surface. 
Reflection plate 3 is installed on the back side of photo-conductive body 6, and the 
liquid crystal display device 2 is installed on its front side via' the light diffusion sheet 
4. The dot pattern 5 in the edge light system is a printed pattern for light diffraction 
that is installed on the back side of the photo-conductive body 6 so that the incident 
light from the fluorescent lamp 1 on the side surface is emitted uniformly from every 
area of the display screen. So, this printed pattern can be referred to as a pseudo 
light source. 
(0006) 

In this structure, the unit consisting of the members other than the liquid 
crystal device 2 is called as a back light unit. 
(0007) 

When the liquid crystal display device is used, the light diffusion sheet 
prevents the visibility of the light source behind the liquid crystal display device 2, 
e.g., fluorescent lamp 1 in the back light system or dot pattern 5 as the pseudo light 
source in the edge light system so that the display screen itself looks like emitting, 
the light uniformly. 
(0008) 

The light-adjusting sheet of the present invention is used to replace said light 
diffusion sheet. 



(0009) * 
(Prior Art) 

The prior art light diffusion sheets can be roughly group into two types: a 
plastic film or sheet coated with or containing titanium oxide or glass fiber; a sheet 
the surface of which is roughened. 
(0010) 

As the examples of the former, can be cited the example wherein a light 
diffusing agent, such as titanium oxide or short glass fiber, is coated on one or both 
surfaces of a transparent film or sheet, such as a polyester, polycarbonate, or 
polymethacrylate film or sheet (Japanese Published Unexamined Application 63- 
33703); the example wherein a sheet or film is molded from the material, such as a 
polyester, polycarbonate, or polymethacrylate material, containing the light 
diffusion agent, such as glass fiber or titanium oxide (Japanese Published 
Unexamined Patent Applications 01-209402 and 01-172801). 
(0011) 

As for the example of the latter, a polyester, polycarbonate, or 
polymethacrylate film or sheet, one of both surfaces of which are roughened 
(Japanese Published Unexamined Patent Application 02-13925). 
(0012) 

(Problems of the Prior Art to Be Addressed) 

With the former sheet, however, the actual brightness of the display screen 



becomes insufficient when the amount of the light diffusion agent is increased to 
improve the light diffusion function since the excessive light diffusion agent conceals 
the light and reduces the amount of the emission light 
(0013) 

With the latter sheet, it uses the diffraction by the sheet's surface shape and is 
better than the former in the light emission level, but its light diffusion function is 
not so excellent, and the dot pattern tends to be visible when the sheet is made 
thinner. Therefore, to produce sufficient light diffusion, the thicknesses of the sheet 
and the light source unit need to be increased. This is a major problem in the 
recently developed thinner devices, wherein the fluorescent lamp is getting narrower 
and the incident light is reduced in amount 
(0014) 

The objective of the present invention, taking the aforementioned problems 
into account, is to present a light-adjusting sheet having both advantages of a light 
diffusing function and of a high light emission level. 
(0015) 

(Means to Solve the Problems) 

In the present invention, by laminating two layers each having a light 
diffusion function and a light converging function, a light-adjusting sheet having 
both the light diffusion function and the high light emission level can be 
manufactured. 



(0016) 

* 

Accordingly, the light-adjusting sheet of the present invention comprises a 
light-diffusion layer and a light converging layer installed on its front surface, and 
the non-laminated surface of the light-converging layer is roughened. 
(0017) 

In the preferred embodiment example of the present invention, the light- 
adjusting sheet is formed out of an admixture prepared by adding 5 - 100 
part/weight of light diffusion agent to 100 parts/weight of transparent resin, and has 
a thickness 10 //m or more, while the light-converging layer is made of transparent 
resin and has a thickness 80 jt/m or more. 
(0018) 

As for the resin constituting the light diffusing layer, it is not limited to a 
specific type as long as it is transparent, and it can be polycarbonate, polyester, or 
polymethacrylate. 
(0019) 

As for the light diffusing agent, a publicly known conventional one can be 
used, e.g., titanium oxide, glass fiber, glass beads, or silica alumina. 
(0020) 

The thickness of the light diffusion layer is preferably 10 ftm or more, more 
preferably, 20 - 100 nm. With the thickness less than 10 //m, sufficient light 
diffusion cannot be produced. 



(0021) 

The light diffusion layer is molded from an admixture prepared by adding 
preferably 5 - 100 parts/weight, more preferably, 10 - 50 parts/weight of light 
diffusion agent to 100 parts/weight of transparent resin. When less than 5 
parts/weight of light diffusion agent is added to the 100 parts/weight of transparent 
resin, sufficient light diffusion cannot be produced. By contrast, when more than 
100 parts/weight is added, the light emission level will be dropped and the 
moldability will be undercut 
(0022) 

As for the method for molding the film or sheet for manufacturing the light 
diffusion layer, a method to hot-press the material, a method to extrude the material 
by a T die, a flow-casting method, or other methods can be used. The molding 
method needs not be specified as long as a haze value generated by the molded layer 
is 50 - 90%, preferably, 70-85%. With the haze value less than 50%, the diffusion 
function will be insufficient and, with the haze value more than 90%, the amount of 
the emitted light will be reduced too much, so the brightness of the screen will be 
insufficient. 
(0023) 

On the other hand, the light-converging layer is likewise made of transparent 
resin. As for the transparent resin, polycarbonate, polyester, and polymethacrylate 
can be cited. The light-converging layer preferably shares the same resin with the 



base material of the light diffusing layer. 
(0024) 

The thickness of the light-converging layer is 80 /xm, preferably, 90 - 300 /um. 
With this thickness less than 80 /xm, the layer shaping required for light-converging 
will be difficult. 
(0025) 

The emission light that has passed through the light-diffusion layer is diffused 
in the range of angle, - 90° - +90°, from the normal direction of the display screen. 
The light-converging layer installed on the light diffusion layer, in other words, on 
the side of the liquid crystal display device, functions to converge the emission light 
spread in a wide angle from said normal direction. 
(0026) 

The non-laminated surface of the light-converging layer is roughened. The 
roughened surface shape can be any shape as long as it can converge the emission 
light direction toward the normal direction from the display screen as much as 
possible. It can be formed in triangular shape in sectional view parallel to the 
fluorescent lamp, multiple convex strips in hemispherical shape, various types of 
Fresnel lens shape, or lenticular lens shape can be cited. If the triangular shape in 
sectional view is used, the apex of the convex is preferably 50 - 100°, more 
preferably, in the range of about 70-90°. 
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(0027) 

- * 

As for the method for forming the convex and concave strips, an extrusion 
molding method for different shapes, a roll-embossing method combined with 
extrusion molding, a hot-press method for a planar sheet, and a monomer-casting 
can be cited, but the roughness-formation method is not limited to these methods. 
(0028) 

The light diffusion layer and the light converging layer may be integrally 
laminated into one layer, or an air layer may be present between them. 
(0029) 

The total thickness of the light-adjusting sheet is 90 /mi or more but, with an 
excessive thickness, said sheet cannot meet the requirement, so 5 mm or less is 
recommended. The preferable range of thickness of the light-adjusting sheet is 110 - 
500 ixm. 
(0030) 

(Embodiment Example) 

The present invention is explained further with reference to the embodiment 
examples below. 
(0031) 

(Embodiment Example 1) 

In Fig. 1 showing the basic structure of the edge light type light source unit, 
the fluorescent lamp 1 as the light source is installed on the side surface of the photo 



conductive body 6 that has dot pattern 5 on its back surface. On the back surface of 
the photo-conductive body 6, the reflection plate 3 is installed and, on the front side 
of the photo-conductive body 6, the liquid crystal display 2 is installed via the light 
adjusting - sheet 7 of the present invention. 
(0032) 

The light-adjusting sheet 7 of the present invention consists of polycarbonate 
light diffusion layer 8 and of polycarbonate light-converging layer 9 laminated on 
top of it, as shown in Fig. 2. 
(0033) 

The thickness of the light diffusion layer 8 is 50 //m. The light-diffusion layer 
8 is molded from the admixture material prepared by adding 20 parts/weight of 
titanium oxide as the light diffusion agent to 100 parts/weight of polycarbonate 
having 5.0 of melt index (290 °C, 1.9 kg). 
(0034) 

The non-laminated surface of the light-converging layer 9 is roughened 
surface 10. This roughened form is composed of multiple right angled isosceles (The 
apex has a right angle.) when viewed from its sectional view. 
(0035) 

The roughened form is shaped by a hot press method. 

(0036) 

The thickness of the light-converging layer 9 is 150 //m, and the height of the 
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convex is 80 //m. 
(0037) 

The light-converting layer 9 is made of polycarbonate having melt index 4.0 
(290 °C, 1.9 kg). 
(0038) 

The lamination of the light-diffusing layer and the light-converging layer is 
done by using a co-extrusion forming method. 
(0039) 

(Embodiment Example 2) 

As shown in Fig. 3, the light-adjusting sheet of the present invention consists 
of short fiber-containing polymethacrylate light diffusion layer 8 and of 
polycarbonate light-converging layer 9 laminated on top of it. 
(0040) 

The thickness of the light diffusion layer 8 is 100 fxm. The light diffusion layer 
8 is made of polymethacrylate produced by molding the admixture prepared by 
adding 30 parts/weight of glass short fiber to 100 parts/weight of 
methylmethacrylate monomer by monomer casting. 
(0041) 

The light-converging layer 9 has the same structure as that of embodiment 
example 1. The light-converging layer 9 is formed by a single extrusion method. 

The roughness is formed by a hot press method. 
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(0042) 

The light diffusion layer and the light-converging layer are overlapped when 

used. 
(0043) 

(Embodiment Example 3) 

As shown in Fig. 4, the light-adjusting sheet 7 of the present invention consists 
of polymethylmethacrylate light diffusion layer 8 and of polycarbonate light- 
converging layer 9 laminated on top of it. 
(0044) 

The non-laminated surface of the light-converging layer 9 is roughened 
surface 10. The roughened form is composed of multiple curved convex strips that 
look like multiple isosceles triangles when viewed from the sectional view, said 
convex strips are formed in parallel to the fluorescent lamp 1. 
(0045) 

The light-converging layer 9 is made of polymethylmethacrylate film formed 
by a polymethacrylate monomer casting method. 
(0046) 

The roughened form is shaped by a hot press method. 

(0047) 

The thickness of the light-converging layer 9 is 200 /urn, and the height of the 

convex section is 100 //m. The apex of the convex strip in isosceles triangle shape in 
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the sectional view is 70°, and its top and bottom sections have a curvature with 

curvature radius 20 /im in the sectional view. 

(0048) 

The thickness of the light diffusion layer 8 is 30 fxm. the light diffusion layer 
8 is formed by adding 50 parts/weight of silica alumina particles to 100 parts/weight 
of methylmethacrylate monomer, coating the obtained mixed solution over the 
laminating surface of the light-converging layer 9, and by UV-curing said monomer. 
(0049) 

(Comparative Example 1) 

An edge light type light source unit without the light- adjusting sheet 7 of 
embodiment example 1 was formed. 
(0050) 

(Comparative Example 2) 

An edge light type light source unit was structured by using the light 
diffusion layer 8 without containing titanium oxide, in stead of the light-adjusting 
sheet 7 of embodiment example 1. 
(0051) 

(Comparative Example 3) 

An edge light type light source unit was structured by the light diffusion layer 
8 along without the light-converging layer 9, in stead of the light-adjusting sheet 7 of 
embodiment example . 
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(0052) 

(Comparative Example 4) 

On the light emission surface of polycarbonate sheet having a 250 
thickness and melt index 3.0, irregular convex and concavity strips with a 150 pan 
depth were formed with 120 units/inch density. By using the light diffusion sheet 
thus made, an edge light type light source was structured. 
(0053) 

Performance Evaluation Test 

In Fig. 5, for the light source, cold-cathode tube 1 with length 135 mm and 
thickness 35 mm was installed on the side surface of the photo-conductive body 6 
having dot pattern 5 on its back surface. The conductive body 6 was made of 
methacrylate sheet with lateral length 135 mm, longitudinal length 196 mm, and 
thickness 2.5 mm. On the back side of the photo-conductive body 6, reflection plate 
3 was installed, and on the front side of the photo-conductive body 6, liquid crystal 
display device 2 was installed via the light-reflection sheet 7 of the comparative 
example and of embodiment example. The reflection plate 3 was made of non- 
transparent film of non-transparent polyethylene terephthalate. 
(0054) 

The edge light type back light thus structured was driven by a direct current 
12 V inverter, and the light-adjusting sheet was evaluated. 
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(0055) 

1. Brightness of the Display Screen 

The brightness levels in the field angle 2° from the fixed points (9 points on 

si 

the display screen) were measured from the position 30 cm apart from the normal 
direction, and defined as the brightness level data. If the measured data are 550 
cd/m 2 , it is acceptable. 
(0056) 

(2) Visibility of Dot Pattern 

It was checked whether or not the dot pattern could be visible through the 
light-adjusting sheet when the display screen was viewed from the position 50 cm 
apart from the normal direction from the screen. 
(0057) 
Table 1 





embodiment examples 


comparative examples 




1 


2 


3 


1 


2 


3 


4 


brightness (cd/m 2 ) 


580 


575 


550 


350 


595 


377 


450 


dot visibility 


0 


0 


0 


X 


X 


0 


X 



0: The dot pattern was not visible. 

x: The dot pattern was visible, and virtually caused problems. 
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(0058) 

The light-adjusting sheet of the present invention consists of light diffusion 
layer and light-converging layer laminated on top of it. Since the non-lamination 
surface of the light-converging layer is roughened, the light-adjusting sheet having 
the both advantages of a light diffusion function and of a high light emission level 
can be presented. 

* * * 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows a sectional view of the edge light type light source wherein the 

light-adjusting sheet of embodiment example 1 is integrated. 

Fig. 2 shows a sectional view of the light-adjusting sheet of embodiment 

example 1. 

Fig. 3 shows a sectional view of the light-adjusting sheet of embodiment 
example 2. 

Fig. 4 shows a sectional view of the light-adjusting sheet of embodiment 
example 3. 

Fig. 5 shows a sectional view of the edge light type light source unit used for 
the performance evaluation test of the light-adjusting sheet. 

Fig. 6 shows a sectional view of the basic structure of the back light. 
Fig. 7 shows a sectional view of the edge light type light source unit. 

1. Light source 

2. Liquid crystal display device 
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3. Reflection plate 

4. Light diffusion sheet 

5. Dot pattern 

6. Photo-conductive body 

7. Light-adjusting sheet 

8. Light diffusion layer 

9. Light-converging layer 

10. Roughened surface 
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50 i. ^©flijffiicifl^anfc^'j^-^^-hia©^^ 



(4) 

5 

(9) <ha>6fc*. 

[0 0 4 0] ft&«Jg(8) ©JPSttl 0 0/imTS5. 

ttftfas(8) «. ^f;w^i"ji'-hiE;-7-i o o 

fifigHC#bT#7X©*g««i3 OfigaS&gsiObTfc • 

[o 041] mjtso) tt^Jg^iofeot^i;^* 
[0042] ^ss«Bi^siaata^-&T«ffl$n 10 

•5. 

ioo4 3] 2dsm 

04ic*viT. *5swtj;^ia^-h(7) fly* 

y/JM * * U U- b»©)ti£»Ji (8) t , -t ©^ffiJCtt 

[0044] mytm®) ottmsmtcsthwao) 
nx^*. zaw&mmt. twice 

[0 0 4 5] &ftjf(9) IS. tf'J^JM^Ul'-K 20 

[0 0 4 6] Wib&m*. m-JUxmz&QBf&ztiTc 

[0 0 4 7] &ft/i(9) Oj9$a2 0 0 /zmT*D, ^ 

J&T£ffittfffiR&-3?SH£iJg©£!i&©:]I*l«7 0° T£ 
•3, ]SgM3«ktfj£gSttft2g#g2 OjzmOD&eiffinSttt 

[0 0 4 8] }fc&MB(8) ©JS2IJ3 0 «m«5. * 50 

ftfiWi(8) tt. ^^VM^'Ji^-h^yr-i o ofi 

sn/tii^^?&^js(9) ©aHHica*bfc«,' m% 

/^-*UViRflsS**CtK:«fct>T»J*l/fc.*OT* 
[0 049] £8091 
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[0 0 5 0] J±KCT2 

m 2 (zsr%KM i ©wts^- h (7) css^t. 

[0 0 5 1] £8:093 

0 3 Kl^t^m ©8S^->- M7) K&toT. &3fc/g 
(9) S^UfcV* OfclfcftJitt) Mm XyzSy-f btt 

[0 0 5 2] £8094 

^;Uh-f >t*;W3. 0Tff$2 5 0|tm©#U*— 

h©tB#EK:8i£ 15 0 /imTCafl^Sl 
2 0 #/-f >^©*«fliJ;SlH]fl®£J&£U;£. £ 5 

[0053] &m<Dpmtm 

0 5t*V5T, #i*£LT*£ 3 5mm. fi£13 5m 

m©^iEffi«o) a», *MfrH-> h^^->(5) s<rr 

3*Stt#(6) ©«ffitE$nT^-5. SSft#(6) *g 
19 6mm, 113 5mm, »£2. SmmiD^'J^ 

St«(3) #SB£ti, $##(6) ©$rW::ttSI;SS09£iJ:tf 
JfclW»©4»l3fe$T- M7) Sfl-bTWMBRJltT^) «t 

[0 0 5 4] V' t ** tf 6nfcXyS?5'f h**© 

[0 0 5 5] (1) HB5©9JS£ 
iSffi-hffl^ (9-rBf) £&t>T£lft£|q|£ 3 0 c ml 

[0 0 5 6] (2) h/t*->©8Btt 

[0 0 5 7] 
»1] 



» 



(5) &BS¥5-173 134 

7 ; .8 



• 


£ Sfe W 


Jt m m ' ' 


1 


2 


3 • 


■ i 


2 


3 


4 


l!fl££{cd /m 2 ) 


580 


575 ' 


550 


350 


595 


377 


450 




O 


O 


O 


X 


X 


O 


X 



[0 0 5 8] [07] h*5S©*iK3Lr:y hOgjW8jfi£ 









[^OsKMl 




(1) 






(2) 






(3) 


Sam 




(4) 






(5) 






(6) 




[02] mi&minmyti'-hZTR-rMffim-e&z. 
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[0 3 ] gffiffl 2 ©Wt^- h $^refffi0T*S. 
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[04] ^JS^3COsa^->-h^Tefffi0T&<5. 
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